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ARRAY SUBSTRATE FOR IPS MODE
LIQUID CRYSTAL DISPLAY DEVICE

The present invention claims the benefit of Korean Patent
Application No. 2002-65803, filed in Korea on Oct. 28,
2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD) device, and more particularly, to an array substrate
for an In-Plane Switching (IPS) mode liquid crystal display
device and a method for fabricating the same.

2. Discussion of the Related Art

In general, liquid crystal display (LCD) devices use
optical anisotropy and polarization properties of liquid crys-
tal molecules due to their definite orientation order in
alignment resulting from their thin and long shapes. The
alignment direction of the liquid crystal molecules may be
controlled by application of an electric field to the liquid
crystal molecules. For example, as the alignment direction
of the applied electric field changes, so does the alignment
of the liquid crystal molecules. Accordingly, refraction of
incident light may be controlled by the orientation of the
liquid crystal molecules, thereby displaying an image onto a
display panel.

Presently, active matrix liquid crystal display (LCD)
devices, in which the thin film transistors and the pixel
electrodes are arranged in the form of a matrix, are com-
monly used because of their high resolution and superiority
for displaying moving images. In general, a liquid crystal
display (LCD) device comprises a color filter substrate
having a common electrode, an array substrate having a
pixel electrode, and a liquid crystal material layer between
the color filter substrate and the array substrate. The liquid
crystal display (LCD) device drives the liquid crystal mate-
rial by controlling application an electric field between the
common electrode and the pixel electrode. However, since
viewing angle properties of this type of liquid crystal display
(LCD) device are relatively poor, new types of liquid crystal
display (LCD) devices have been developed. For example,
In-Plane Switching (IPS) mode liquid crystal display (LCD)
devices have been developed that have superior viewing
angle properties.

FIG. 1 is a plan view of an array substrate pixel for an
in-plane switching (IPS) mode liquid crystal display (LCD)
device according to the related art. In FIG. 1, a plurality of
gate lines 12 are formed along a first direction on the
substrate 10, a storage line 16 is formed along the first
direction adjacent to the gate line 12 on the substrate 10, and
a plurality of data lines 30 are formed along a second
direction on the substrate 10. Intersections between each of
the gate lines 12 and the data lines 30 defines a pixel region
“P” and a thin film transistor “T” is formed at each of the
intersections of the gate lines 12 and the data lines 30. The
thin film transistor “T” has a gate electrode 14, a semicon-
ductor layer 22, a source electrode 26, and a drain electrode
28. The gate electrode 14 is connected to the gate line 12,
and the source electrode 26 is connected to the data line 30.
A semiconductor line 24 extends from the semiconductor
layer 22 and is formed under the data line 30. A pixel
electrode 36 (364, 36b and 36¢) is formed within the pixel
region “P” and is connected to the drain electrode through a
contact hole 34. A common electrode 18 (184 and 18b) is
also formed within the pixel region “P” and is connected to
the storage line 16.
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The pixel electrode 36 comprises a first horizontal portion
36a, a plurality of vertical portions 36b, and a second
horizontal portion 36c¢. The first horizontal portion extends
from the drain electrode 28 and the vertical portions 36b
vertically extend from the first horizontal portion 364 and
are spaced apart from each other. The second horizontal
portion 36¢ connects each of the plurality of vertical por-
tions 36b over the storage line 16. The common electrode 18
comprises a horizontal portion 18a and a plurality of vertical
portions 18b. The vertical portions 185 vertically extend
from the storage line 16 and are arranged within the pixel
region “P” in an alternating order with the vertical portions
36b of the pixel electrode 36. The horizontal portion 18a
connects each of the plurality of vertical portions 18b.

A storage capacitor Cg, connected in parallel to the pixel
electrode 36 is formed over the storage line 16. The storage
capacitor Cg, comprises a first storage electrode and a second
storage electrode, wherein a part of the storage line 16 serves
as the first storage electrode and the second horizontal
portion 36¢ of the pixel electrode serves as the second
storage electrode. In addition, a spaced region “S” 1s formed
between the data line 30 and the vertical portion 186 of the
common electrode. Accordingly, since an abnormal electric
field is generated within the spaced region “S,” molecules of
liquid crystal material do not function properly within a
region adjacent to the spaced region “S.” Thus, light leakage
may occur within the region adjacent to the spaced region
“S.” Therefore, a black matrix is necessarily formed on an
upper substrate (not shown) to prevent the light leakage by
blocking the region adjacent to the spaced region “S”.

FIG. 2 is a cross-sectional view along II—II of FIG. 1
according to the related art. In FIG. 2, the vertical portions
18b of the common electrode are formed along both sides of
the data line 30. Accordingly, the spaced regions “S” are
formed between the vertical portions 185 and the data line
30, and a black matrix 42 is formed beneath the upper
substrate 40. However, if there is an alignment error when
the upper and the lower substrates 40 and 10 are attached
together, the black matrix 42 may fail to block the entire
spaced region “S,” and light leakage may occur within the
spaced region “S”.

FIGS. 3A to 3E are cross-sectional views taken along a
line IIT—IIT of FIG. 1 and illustrating a fabricating sequence
of an array substrate according to the related art, and FIGS.
4Ato 4E are cross-sectional views along [IV—IV of FIG. 1,
and illustrate another fabrication sequence of an array sub-
strate according to the related art. In FIGS. 3A and 4A, a gate
electrode 14, as well as the gate line 12, the storage line 16,
and the horizontal and vertical portions 18z and 18b of the
common electrode of FIG. 1, are formed on the substrate 10
by depositing one or two of conductive metal material, such
as aluminum (Al), aluminum alloys, tungsten (W), copper
(Cu), molybdenum (Mo), chromium (Cr), tantalum (Ta), and
titanium (Ti), and then patterned. Generally, a metal material
having a low resistivity such as aluminum (Al) or aluminum
alloys (AINd), for example, is used for the gate electrode 14
to prevent signal delay. However, since aluminum-based
metal materials are prone to chemical corrosion and have
weak physical strength, chromium (Cr) or molybdenum
(Mo) may first be deposited on the aluminum-based metal
materials. A first insulating layer 20, commonly referred to
as a gate insulating layer, is subsequently formed on an
entire surface of the substrate 10 upon which the gate line
12, the storage line 16, and the vertical portion 186 of the
common electrode are already formed.

FIGS. 3B and 4B show laminated structures of the array
substrate after a second mask process according to the
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related art. A semiconductor layer 22 and a semiconductor
line 24 are formed on the first insulating layer 20. The
semiconductor layer 22 has an active layer 22a and an ohmic
contact layer 22b formed over the gate electrode 14, and the
semiconductor layer 22 extends to a data line area “DL” to
form the semiconductor line 24. The active layer 22a is
formed of amorphous silicon (a-Si:H), and the ohmic con-
tact layer 22b is formed of impurity-doped amorphous
silicon (n*a-Si:H).

FIG. 3C and FIG. 4C show laminated structures of the
array substrate after a third mask process according to the
related art. Source and drain electrodes 26 and 28 and a data
line 30 are each formed on the semiconductor layer 22 by
depositing one of a conductive metal material, such as
aluminum (Al), aluminum alloys, tungsten (W), copper
(Cu), molybdenum (Mo), chromium (Cr), tantalum(Ta), and
titanium (Ti), and then patterning it. The source electrodes
26 and the drain electrode 28 are spaced apart from each
other and the data line 30 extends from the source electrode
26.

FIG. 3D and FIG. 4D show laminated structures of the
array substrate after a fourth mask process according to the
related art. A passivation layer 32 is formed on the entire
surface of the substrate 10 by coating organic insulating
material, such as benzocyclobutene (BCB) or acrylic resin,
or by depositing inorganic insulating materials, such as
silicon nitride (SiNx) or silicon oxide (SiO,). The passiva-
tion layer 32 is then patterned to form a drain contact hole
34 to expose a portion of the drain electrode 28.

FIG. 3E and FIG. 4E show laminated structures of the
array substrate after a fifth mask process according to the
related art. The first horizontal portion 36a, the vertical
portion 36b, and the second horizontal portion 36¢ of the
pixel electrode are formed by depositing a transparent
conductive metal material, such as indium tin oxide (ITO)
and indium zinc oxide (IZO), on the passivation layer 32,
and then patterning it. The first horizontal portion 36a
contacts the exposed portion of the drain electrode 28 and
extends into the pixel region “P” (in FIG. 1). The vertical
portions 36b extend from the first horizontal portion 36a and
are arranged in an alternating pattern with the vertical
portions 18b of the common electrode. The second horizon-
tal portion 36¢ (in FIG. 1) is disposed over the storage line
16 and interconnects each of the plurality of vertical portions
36b.

The in-plane switching (IPS) mode liquid crystal display
(LCD) device fabricated using the above-described process
suffers from the light leakage problem described with
respect to FIG. 2. Moreover, the process for fabricating the
array substrate is relatively complex, whereby production
yield decreases.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an array
substrate for in-plane switching (IPS) mode liquid crystal
display (LCD) device that substantially obviates one or more
of problems due to limitations and disadvantages of the
related art.

An object of the present invention is to provide an array
substrate for in-plane switching (EPS) mode liquid crystal
display (LCD) device in which light leakage is prevented.

Another object of the present invention is to provide a
method for manufacturing the array substrate for the
in-plane switching (IPS) mode liquid crystal display (LCD)
device in which light leakage is prevented.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
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4

be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, an array substrate for an in-plane switch-
ing (IPS) mode liquid crystal display (LCD) device includes
a gate line formed along a first direction on a substrate, a
storage line formed along the first direction on the substrate
and spaced apart from the gate line, a data line formed along
a second direction on the substrate, the data line defining a
pixel region by crossing the gate line, a thin film transistor
at a crossing of the gate line and the data line, the thin film
transistor having a gate electrode, a semiconductor layer, a
source electrode, and a drain electrode, a pixel electrode
connected to the drain electrode, a common electrode having
a plurality of vertical portions connected to the storage line,
the common electrode having outermost vertical portions
adjacent and parallel to the data line and spaced apart from
the pixel electrode, and a semiconductor line beneath the
data line and extending from the semiconductor layer to both
sides of the data line to cover portions of the common
electrodes adjacent to the data line.

In another aspect, a method for manufacturing an array
substrate of an in-plane switching (IPS) mode liquid crystal
display (LCD) device includes performing a first mask
process to form a gate line, a gate electrode, a storage line,
and a common electrode on a substrate, the storage line
being spaced apart from the gate line and parallel to the gate
line, and the common electrode extending from the storage
line, forming a gate insulating layer, an amorphous silicon
layer, an impurity-doped amorphous silicon layer, and a
metal layer sequentially on an entire surface of the substrate,
performing a second mask process to form a source
electrode, a drain electrode, a data line, a semiconductor
layer, and a semiconductor line by pattering the metal layer,
the impurity-doped amorphous silicon layer and the amor-
phous silicon layer, wherein the data line crosses the gate
line and the storage line, the semiconductor layer is disposed
beneath the source and drain electrodes, the semiconductor
line is beneath the data line and extends from the semicon-
ductor layer to both sides of the data line to cover portions
of the common electrodes adjacent to the data line, perform-
ing a third mask process to form a passivation layer on an
entire surface of the substrate and to form a contact hole that
exposes a portion of the drain electrode by pattering the
passivation layer, and performing a fourth mask process to
form a transparent pixel electrode connected to the drain
electrode and spaced apart from the common electrode.

In another aspect, an array substrate for an in-plane
switching (IPS) mode liquid crystal display (LCD) device
includes a gate line formed along a first direction on a
substrate, a storage line formed along the first direction on
the substrate and spaced apart from the gate line, a data line
formed along a second direction on the substrate, the data
line defining a pixel region by crossing the gate line, a thin
film transistor at a crossing of the gate line and the data line,
the thin film transistor having a gate electrode, a semicon-
ductor layer, a source electrode, and a drain electrode, a
pixel electrode connected to the drain electrode, a common
electrode having a plurality of vertical portions connected to
the storage line, the common electrode having outermost
vertical portions adjacent and parallel to the data line, the
outermost vertical portions adjacent to the data line extend
to partially overlap with a portion of the data line.



US 6,900,872 B2

5

In another aspect, a method for manufacturing an array
substrate of an in-plane switching (IPS) mode liquid crystal
display (LCD) device includes performing a first mask
process on a substrate to form a gate line, a gate electrode,
a storage line spaced apart from and parallel to the gate line,
and a common electrode having a plurality of vertical
portions vertically extending from the storage line and
partially overlap with a portion of the data line, forming a
gate insulating layer, an amorphous silicon layer, an
impurity-doped amorphous silicon layer, and a metal layer
sequentially on an entire surface of the substrate, performing
a second mask process to form a source electrode, a drain
electrode, a data line, a semiconductor layer, and a semi-
conductor line by pattering the metal layer, the impurity-
doped amorphous silicon layer, and the amorphous silicon
layer, the data line partially overlaps the vertical portions of
the common electrode, the semiconductor layer is disposed
beneath the source and drain electrodes, the semiconductor
line is disposed beneath the data line and extends from the
semiconductor layer, performing a third mask process to
form a passivation layer on an entire surface of the substrate
and a contact hole that exposes a portion of the drain
electrode by pattering the passivation layer, and performing
a fourth mask process to form a transparent pixel electrode
connected to the drain electrode and spaced apart from the
common electrode.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a plan view of an array substrate pixel for an
in-plane switching (IPS) mode liquid crystal display (LCD)
device according to the related art;

FIG. 2 is a cross-sectional view along II—II of FIG. 1
according to the related art;

FIGS. 3A to 3E are cross-sectional views along III—III of
FIG. 1, and illustrate a fabrication sequence of an array
substrate according to the related art;

FIGS. 4Ato 4E are cross-sectional views along IV—IV of
FIG. 1, and illustrate another fabrication sequence of an
array substrate according to the related art;

FIG. 5 is a plan view of an exemplary pixel of an array
substrate for an in-plane switching (IPS) mode liquid crystal
display (LCD) device according to the present invention;

FIG. 6 is cross-sectional view along VI—VI of FIG. 5
according to the present invention,

FIGS. 7A 1o 7G are cross-sectional views along VII—VII
of FIG. 5, and illustrate an exemplary fabrication sequence
of an array substrate according to the present invention;

FIGS. 8A to 8G are cross-sectional views along VIII—
VIII of FIG. 5 and illustrate an exemplary fabrication
sequence of an array substrate according to the present
invention;

FIG. 9 is a plan view of a pixel of an array substrate for
an in-plane switching (IPS) mode liquid crystal display
(LCD) device according to the present invention,

FIG. 10 is cross-sectional view along IX—IX of FIG. 9
according to the present invention;
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FIGS. 11Ato 11G are cross-sectional views along XI—XI
of FIG. 9, and illustrate another exemplary fabrication
sequence of an array substrate according to the present
invention;

FIGS. 12A to 12G are cross-sectional views along XII—
XII of FIG. 9, and illustrate another exemplary fabrication
sequence of an array substrate according to the present
invention; and

FIG. 13 is a plan view of an exemplary pixel of an array
substrate for an in-plane switching (IPS) mode liquid crystal
display (LCD) device according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiment of the present invention, which is illustrated in
the accompanying drawings.

FIG. 5 is a plan view of an exemplary pixel of an array
substrate for an in-plane switching (IPS) mode liquid crystal
display (LCD) device according to the present invention. In
FIG. 5, a plurality of gate lines 102, a storage line 106, and
a plurality of data lines 133 may be formed on an array
substrate 100. The gate lines 102 and the storage line 106
may be formed along a first direction on the array substrate
100, and the data lines 133 may be formed along a second
direction on the array substrate 100. For example, the data
lines 133 may cross the gate lines 102 and the storage line
106. A thin film transistor “T” may be formed at a crossing
of each of the gate lines 102 and the data lines 133. The thin
film transistor “T” may include a gate electrode 104, a
semiconductor layer 124, a source electrode 128, and a drain
electrode 130. The gate electrode 104 may be connected to
the gate line 102, and the source electrode 128 may be
connected to the data line 133. The semiconductor layer 124
may extend under the source electrode 128 and the data line
133 to form a semiconductor line 127. The semiconductor
line 127 may improve bonding properties of the data line
133. Apixel electrode 138 and a common electrode 108 may
be formed within a pixel region “P.” The pixel electrode 138
may be formed of transparent materials, and may be con-
nected to the drain electrode 130 through a contact hole. The
common electrode 108 may include a horizontal portion
1082 and a plurality of vertical portions 108b. The vertical
portions 1086 may vertically extend from the storage line
106, and the horizontal portion 1082 may interconnects each
of the vertical portions 108b. The vertical portion 1086 of
the common electrode within the pixel region “P” may be
connected to the vertical portion 108b of the common
electrode in a neighboring pixel region “P” at locations “X”
and “Y” to prevent signal delay in the common electrode.
The pixel electrode 138 may include a first horizontal
portion 1384, a plurality of vertical portions 1385, and a
second horizontal portion 138c¢. The first horizontal portion
1382 may be connected to the drain electrode 130. The
vertical portions 138b may vertically extend from the first
horizontal portion 138« and may be arranged in an alternat-
ing pattern with the vertical portions 1086 of the common
electrode. The second horizontal portion 138¢ may be dis-
posed over the storage line 106 and may interconnect each
of the vertical portions 138b. Accordingly, the second hori-
zontal portion 138c of the pixel electrode and the storage
line 106 may combine to form a storage capacitor Cg,. A
portion of the storage line 106 may function as a first storage
electrode, and the second horizontal portion 138¢ of the
pixel electrode may function as a second storage electrode.

FIG. 6 is cross-sectional view along VI—VI of FIG. 5
according to the present invention. In FIG.6, the vertical
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portion 1086 of the common electrode may be formed on the
substrate 100, and a gate insulating layer 110 may be formed
on an entire surface of the substrate 100. The semiconductor
line 127 may be formed on the gate insulating layer 110, and
the data line 133 may be formed on the semiconductor line
127. The semiconductor line 127 may extend to cover a
portion of the vertical portion 1086 of the common
electrode, thereby blocking spaced regions “H” between the
vertical portions 1086 and the data line 133. Accordingly,
since most of the light “L” that is irradiated from a back light
positioned under the substrate 100 to the spaced region “H”
is absorbed by the extended semiconductor line 127, light
leakage may be reduced and display quality may be
improved. A fabrication sequence of the array substrate for
the liquid crystal display (LCD) device according to the first
embodiment of the present invention will be described
hereinafter with reference to FIGS. 7A to 7G and FIGS. 8A
to 8G.

FIGS. 7A o 7G are cross-sectional views along VII—VII
of FIG. 5, and illustrate an exemplary fabrication sequence
of an array substrate according to the present invention, and
FIGS. 8A to 8G are cross-sectional views along VIII—VIII
of FIG. 5 and illustrate an exemplary fabrication sequence of
an array substrate according to the present invention.

FIG. 7A and FIG. 8A are cross-sectional views illustrating
laminated structures of the array substrate after an exem-
plary first mask process according to the present invention.
In FIGS. 7A and 8A, the gate electrode 104, as well as the
storage line 106, the common electrode 108, and the gate
line 102 in FIG. 5, is formed by depositing one or more
conductive metal materials, such as aluminum (Al), alumi-
num alloys, tungsten (W), copper (Cu), molybdenum (Mo),
chromium (Cr), tantalum (Ta), and titanium (Ti), on the
substrate 100, and then patterning it. The gate line 102 (in
FIG. 5) may be formed along a first direction and may be
connected to the gate electrode 104. The storage line 106
may be formed adjacent to the gate line 102 (in FIG. 5) and
may be formed parallel to the gate line 102 (in FIG. 5). The
common electrode 108 may extend from the storage line 106
and may include a horizontal portion 108« and a plurality of
vertical portions 108b. The vertical portions 108b may
vertically extend from the storage line 106, and the hori-
zontal portion 108a may interconnect each of the plurality of
vertical portions 108b. The vertical portion 108b adjacent to
a neighboring pixel may be connected to the vertical portion
108b of the common electrode of the neighboring pixel at
positions “X” and “Y” (in FIG. 5). The gate line 102 (in FIG.
5) may be formed of conductive metal materials, such as
aluminum (Al) or Aluminum alloys (AINd), having a low
electric resistance in order to avoid signal delay. However,
since aluminum-based metals are prone to chemical corro-
sion and weak physical strength, chromium (Cr) or molyb-
denum (Mo) may first be deposited on the aluminum-based
metal materials.

FIGS. 7B to 7E and FIGS. 8B to 8E are cross-sectional
views illustrating laminated structures of the array substrate
after an exemplary second mask process according to the
present invention. The second mask process may be per-
formed using a half-tone mask. In FIGS. 7B and 8B, a first
insulating layer 110, i.e., a gate insulating layer, an active
layer 112, an ohmic contact layer 114, and a metal layer 116
may be sequentially formed on the substrate 100 upon which
the gate electrode 104, the common electrode 108, and the
storage line 106 may have already been formed. The first
insulating layer 110 may be formed of inorganic insulating
materials, such as silicon nitride (SiNx) and silicon oxide
(810,). The active layer 112 may be formed of amorphous
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silicon (a-Si:H) and the ohmic contact layer 114 may be
formed of impurity-doped amorphous silicon (n*a-Si:H).
The metal layer 116 may be formed of conductive metal
materials, such as aluminum (Al), aluminum alloys, tung-
sten (W), copper (Cu), molybdenum (Mo), chromium (Cr),
tantalum (Ta), and titanium (Ti).

A photoresist layer 118 may subsequently be formed on
the metal layer 116 by coating photoresist materials. A
positive-type photoresist in which an exposed portion of the
photoresist is removed may be used. For example, a mask
“M” may be disposed over the substrate 100 upon which the
photoresist layer 118 is formed and the light may be irradi-
ated onto the photoresist layer 118 through the mask “M”.
The mask “M” may include a transmission portion “A,” a
semi-transmission portion “B,” and a block portion “C.” The
semi-transmission portion “B” may be formed by depositing
a semitransparent film or pattering a designated portion of
the mask “M” into a plurality of slits. The block portion “C”
of the mask “M” corresponds to source and drain regions
“S/D” and a data line region “DL,” and the semi-
transmission portion “B” of the mask “M” corresponds to
spaced regions “H” between the source and drain electrode
that will formed in a later process and a region on both sides
of the data line region “DL.” The semi-transmission portion
“B” of the mask “M” may be formed to further correspond
to the vertical portions 1085 of the common electrode that
are adjacent to the both sides of the data line region “DL.”
Accordingly, the semiconductor line (not shown) may be
formed to extend under the data line (not shown) to cover a
portion of the vertical portion 1085 of the common elec-
trode. If the photoresist layer 118 that has been exposed to
the light is developed, a photoresist pattern 120 may be
formed, as shown in FIGS. 7C and 8C.

A portion “F1” of the photoresist pattern 120 corresponds
to the block portion “C” of the mask “M,” and a portion “F2”
of the photoresist pattern 120 corresponds to the semi-
transmission portion “B” of the mask “M.” A portion of the
photoresist layer 118 may be completely removed after
development of the photoresist layer 118. A first metal
pattern 126, a second metal pattern 132, a semiconductor
layer 124, and the semiconductor line 127 may then be
formed by etching exposed portions of a metal layer 116,
and subsequently removing the impurity-doped amorphous
silicon (n*a-Si:H) layer 114 and the amorphous silicon
(a-Si:H) layer 112, as shown in FIGS. 7D and 8D. The first
metal pattern 126 may be formed over the gate electrode
104, and the second metal pattern 132 may extend from the
first metal pattern 126.

The semiconductor layer 124 may include an amorphous
silicon (a-Si:H) layer 124b and an impurity-doped amor-
phous silicon (n*a-Si:H) layer 124a. The semiconductor line
127 may extend from the semiconductor layer 124 to a lower
side of the second metal pattern 132. In addition, the
exposed layer 116 may be removed by wet etching and the
amorphous silicon layers 124a and 124b may be removed by
dry etching. The photoresist pattern 120 may be removed via
a subsequent ashing process. Accordingly, a portion “F2” of
the photoresist pattern 120 that corresponds to the spaced
portion “E” and the both sides of the data line (not shown)
may be completely removed to expose a portion “U” of the
metal layers 126 and 132. In addition, a region of the portion
“F1” of the photoresist pattern 120 may be partially
removed. Moreover, a portion of the photoresist pattern 120
corresponding to a portion “W” of the first metal pattern 126
may also be removed during the ashing process to expose a
portion of the first metal pattern 126.

In FIGS. 7E and 8E, the source and drain electrodes 128
and 130 and the data line 133, which is connected to the



US 6,900,872 B2

9

source electrode 128, may be formed by etching the exposed
portions of the first and second metal patterns 126 and 132.
The source and drain electrodes 128 and 130 may be formed
to overlap the gate electrode 104 and to be spaced apart from
each other. The source electrode 128 may include a U-shape
and the drain electrode 130 may be disposed within the
U-shaped source electrode 128, as shown in FIG. 5.
Accordingly, since the source and drain electrodes 128 and
130 shorten a length of an exposed semiconductor channel
layer at a spaced region “E” between the source and drain
electrodes 128 and 130 and enlarging a width thereof,
operating properties of a thin film transistor may be
improved.

Subsequently, the impurity-doped amorphous silicon
(n*a-Si:H) layer 124b under both sides “U” of the data line
133 and the portions “W” and “E” of the first metal pattern
126 may be removed during the dry etching. Consequently,
the semiconductor line 127, now only including the amor-
phous silicon (a-Si:H) layer 124b, exposed along both sides
of the data line 133 extends to be overlapped with a top
portion of the vertical portions 108 of the common electrode
that is adjacent to the data line 133. Accordingly, the
amorphous silicon (a-Si:H) layer 124b prevents light leak-
age within the spaced region “H” between the data line 133
and the neighboring vertical portion 108) of the common
electrode. Although the extended semiconductor line 127
may not completely block the light leakage within the
spaced region “H,” consideration of thickness and transmis-
sion properties of the amorphous silicon (a-Si:H) material
may provide for absorption of a majority of the light. Thus,
the light leakage may not be sensed by an observer.

FIGS. 7F and 8F are cross-sectional views illustrating
laminated structures of the array substrate after an exem-
plary third mask process according to the present invention.
In FIGS. 7F and 8F, a passivation layer 134 may be formed
by depositing organic insulating materials, such as benzo-
cyclobutene (BCB) and acrylic resin, onto an entire surface
of the substrate 100 upon which the source and drain
electrodes 128 and 130 and the data line 133 are already
formed. Then, the passivation layer 134 may be patterned to
form a drain contact hole 136 that exposes a portion of the
drain electrode 130.

FIGS. 7G and 8G are cross-sectional views illustrating
laminated structures of the array substrate after an exem-
plary fourth mask according to the present invention. In
FIGS. 7G and 8G, a pixel electrode 138 including a first
horizontal portion 1384, a plurality of vertical portions 1385,
and a second horizontal portion 138c may be formed by
depositing transparent conductive metal materials, such as
indium tin oxide (ITO) and indium zinc oxide (IZO), onto an
entire surface of the substrate 100 upon which the passiva-
tion layer 134 is already formed. The first horizontal portion
1384 of the pixel electrode 138 may contact the drain
electrode 130 and may extend to the pixel region “P” (in
FIG. 5). The vertical portions 138b of the pixel electrode
may vertically extend from the first horizontal portion 138«
and may be arranged in an alternating pattern with the
vertical portions 108b of the common electrode 108. The
second horizontal portion 138¢ may be disposed over the
storage line 106 and may interconnect each of the plurality
of vertical portions 138b. The second horizontal portion
138¢ and a portion of the storage line 106 may combine to
form a storage capacitor Cg, using the storage line as a first
storage electrode and the second horizontal portion 138¢ as
a second storage electrode. Consequently, the array substrate
of the in-plane switching (IPS) mode liquid crystal display
(LCD) device according to the above-described process.
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In FIGS. 7B and 8B, the semi-transmission portion “B”
corresponding to both sides of the data line 133 is used in the
above-described exemplary fabrication process to form the
extended semiconductor line 127 from the data line 133 to
the vertical portion 108b of the common electrode.
Alternatively, the extended semiconductor line 127 may be
formed during a 4-mask process, wherein a lateral portion of
the photoresist layer may be etched away during the etching
process. An addition method to block the spacer portions
“H” between the data line 133 and the vertical portion 108
of the common electrode may include extending the vertical
portion 108 of the common electrode that is adjacent to the
data line 133 to a lower side of the data line 133. A second
embodiment of the present invention is about this method.

The second embodiment of the present invention will be
described hereinafter with reference to attached figures.

FIG. 9 is a plan view of a pixel of an array substrate for
an in-plane switching (IPS) mode liquid crystal display
(LCD) device according to the present invention. In FIG. 9,
a plurality of gate lines 202, a storage line 206, and a
plurality of data lines 233 may be formed on the array
substrate 200. The storage line 206 may be formed in
parallel to the gate line 202, and a crossing of the data line
233 and the gate line 202 may define a pixel region “P.” A
thin film transistor “T” including a gate electrode 204, a
semiconductor layer 224, a source electrode 228, and a drain
electrode 230 may be formed at a crossing of the gate line
202 and the data line 233. The gate electrode 204 may be
connected to the gate line 202, and the source electrode 228
may be connected to the data line 233. A semiconductor line
227 may be formed by extending the semiconductor layer
224 to a lower side of the source and drain electrodes 228
and 230, thereby improving bonding properties of the data
line 233. A common electrode 208 including a horizontal
portion 208a and a plurality of vertical portions 208b, and a
pixel electrode having a first horizontal portion 238a, a
plurality of vertical portions 238b, and a second horizontal
portion 238¢ may be formed within the pixel region “P.” The
vertical portion 2085 of the common electrode 208 may
vertically extend from the storage line 206, and the hori-
zontal portion 208z of the common electrode 208 may
interconnect each of the plurality of vertical portions 208b.
The first horizontal portion 238« of the pixel electrode 238
may be connected to the drain electrode 230 and may extend
to the pixel region “P.” The plurality of vertical portions
238b of the pixel electrode 238 may vertically extend from
the first horizontal portion 238« of the pixel electrode 238.
The second horizontal portion 238¢ may be disposed over
the storage line 206 and may interconnect each of the
plurality of vertical portions 2385 of the pixel electrode. The
plurality of vertical portions 238b of the pixel electrode 238
may be arranged in an alternating pattern with the vertical
portions 2085 of the common electrode 208. The vertical
portion 2085 of the common electrode 208 within the pixel
region “P” may be connected to the vertical portion 2086 of
the common electrode 208 of the neighboring pixel region
“P” at “X” and “Y.” The second horizontal portion 238¢ may
form a storage capacitor Cg, together with the storage line
206 thereunder. The storage capacitor Cy, may function my
using a portion of the storage line 206 as a first storage
electrode and the second horizontal portion 238c¢ as a second
storage electrode. Accordingly, the vertical portion 208b of
the common electrode 208 may extend to a lower side of the
data line 233 to block a spaced region between the data line
233 and the vertical portion 208b, thereby preventing light
leakage within the spaced region between the data line 233
and the vertical portion 208b.
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FIG. 10 is cross-sectional view along IX—IX of FIG. 9
according to the present invention. In FIG. 10, the vertical
portions 2085 may be formed on a substrate 200, and a gate
insulating layer 210 may be formed on an entire surface of
the substrate 200 upon which the vertical portions 208b are
already formed. The semiconductor line 227 and the data
line 233 may be sequentially formed on the gate insulating
layer 210 corresponding to a region between two vertical
portions 208b. The vertical portions 208b of the common
electrode under the gate insulating layer 210 may extend to
a lower side of the data line 233 adjacent to the vertical
portion 208D so that the vertical portion 2085 of the common
electrode may overlap with a portion of the data line 233.
Accordingly, there may be no spaced region between the
vertical portion 2086 and the data line 233. Thus, the
extended portion of the vertical portions 2085 may prevent
light leakage between the data line 233 and the vertical
portions 208b by blocking a region between the data line 233
and the vertical portions 208b.

FIGS. 11A to 11G are cross-sectional views along XI—XI
of FIG. 9, and illustrate another exemplary fabrication
sequence of an array substrate according to the present
invention, and FIGS. 12A to 12G are cross-sectional views
along XII—XII of FIG. 9, and illustrate another exemplary
fabrication sequence of an array substrate according to the
present invention. In FIGS. 11A and 12A, a data line region
“DL,” a source and drain region “S/D,” a pixel region “P,”
a gate line region (not shown), and a storage line region
“SL” may be defined on a substrate 200. A gate electrode
204, a storage line 206, a common electrode 208 including
a horizontal portion 208z and a plurality of vertical portions
208b, as well as a gate line 202 (in FIG. 9), may be formed
by depositing conductive metal materials, such as aluminum
(Al), aluminum alloys, tungsten (W), copper (Cu), molyb-
denum (Mo), chromium (Cr), tantalum (Ta), and titanium
(Ti), on the substrate 200, and then patterning it. The gate
line 202 (in FIG. 9) may be formed along a first direction of
the substrate 200 and may be connected to the gate electrode
204. The storage line 206 may be formed adjacent and
parallel to the gate line 202, and the common electrode 208
may extend from the storage line 206. The common elec-
trode 208 may include the plurality of vertical portions 2085
that vertically extend from the storage line 206 and the
horizontal portion 208¢ that interconnects each of the plu-
rality of vertical portions 208b. The vertical portions 208b
adjacent to the data line region “DL” may extend to the data
line region “DL.” The vertical portion 208b of the common
electrode 208 within a pixel region “P” may be connected to
the vertical portion 2085 of the common electrode 208 of the
neighboring pixel region “P” at “X” and “Y,” as shown in
FIG. 9. The gate line 202 (in FIG. 9) may be formed of metal
materials, such as aluminum (Al) or aluminum alloys
(AINd), having low electric resistance to avoid signal delay.
Accordingly, since aluminum-based metals are prone to
chemical corrosion and have weak physical strength, chro-
mium (Cr) or molybdenum (Mo) may be deposited on the
aluminum-based metal materials.

FIGS. 11B to 11E and 12B to 12E are cross-sectional
views illustrating laminated structures of the array substrate
after an exemplary second mask process according to the
present invention. Here, the second mask process may be
performed using the half-tone mask as described above. In
FIGS. 11B and 12B, a first insulating layer 210, i.¢., a gate
insulating layer, an amorphous silicon (a-Si:H) layer 212, an
impurity-doped amorphous silicon (n*a-Si:H) layer 214, and
a metal layer 216 may be sequentially formed on the
substrate 200. The gate insulating layer 210 may be formed
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by depositing inorganic insulating materials, such as silicon
nitride (SiNx) and silicon oxide (SiO,), onto an entire
surface of the substrate 200 upon which the gate line (not
shown), the storage line 206, and the common electrode 208
are already formed. The metal layer 216 may be formed by
depositing conductive metal materials, such as aluminum
(Al), aluminum alloys, tungsten (W), copper (Cu), molyb-
denum (Mo), chromium (Cr), tantalum (Ta), and titanium
(Ti), on the substrate 200.

A photoresist layer 218 may be formed by coating pho-
toresist materials on the metal layer 216. A positive-type
photoresist in which a portion exposed to light is removed
after a development may be used for explanation. As pre-
viously described, a mask “M” having a transmission por-
tion “A,” a semi-transmission portion “B,” and a blocked
portion “C” may be disposed over the substrate 200, and
light may be irradiated into the photoresist layer 218 through
the mask “M.” The blocked portion “C” of the mask “M”
corresponds to the source and drain region “S/D” and the
data line region “DL,” and the semi-transmission portion
“B” of the mask “M” corresponds 1o a spaced region “E”
between the source electrode and the drain electrode that
will be formed during a later process. In FIG. 12B, the
vertical portions 2085 of the common electrode 208 extend
to a lower side of the blocked portion “C” of the mask “M”
corresponding to the data line region “DL.”

A photoresist pattern 220 may be formed by developing
the photoresist layer 218 that is exposed to the light, as
shown in FIGS. 11C and 12C. In FIGS. 11C and 12C, a
portion “F1” of the photoresist pattern 220 corresponds to
the blocked portion “C” of the mask “M” and a portion “F2”
of the photoresist pattern 220 corresponds to the semi-
transmission portion “B” of the mask “M.” A portion of the
photoresist layer 218 corresponding to the transmission
portion “A” of the mask “M” may be completely removed.
A first metal pattern 226, a second metal pattern 232, a
semiconductor layer 224, and the semiconductor line 227
may be formed by etching exposed portions of a metal layer
216, and subsequently removing portions of the impurity-
doped amorphous silicon (n*a-Si:H) layer 214 and the
amorphous silicon (a-Si:H) layer 212, as shown in FIG. 11D
and FIG. 12D. The first metal pattern 226 may be formed
over the gate electrode 204, and the second metal pattern
232 may extend from the first metal pattern 226.

The semiconductor layer 224 may include an amorphous
silicon (a-Si:H) layer 224b and an impurity-doped amor-
phous silicon (n*a-Si:H) layer 224a. The semiconductor line
227 may extend from the semiconductor layer 224 to a lower
side of the second metal pattern 232. The amorphous silicon
(a-Si:H) layer 224b may function as an active layer and the
impurity-doped amorphous silicon (n*a-Si:H) layer 224a
may function as an ohmic contact layer.

Subsequently, an ashing process is performed on the
photoresist pattern 220 so that the portion “F2” of the
photoresist pattern 220 corresponding to the spaced region
“E” may be completely removed, and the portion “F1” of the
photoresist pattern 220 may be partially etched.
Accordingly, portions of the first metal pattern 226 and the
second metal pattern 232 corresponding to a region “W”
may be exposed because a lateral side of the photoresist
pattern 220 is also etched during the ashing process.

In FIG. 11E and FIG. 12E, the source ¢lectrode 228, the
drain electrode 230, and the data line 233 may be formed by
etching the exposed portions of the first metal pattern 226
and the second metal pattern 232 corresponding to the
spaced region “E” and the region “W.” As previously
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described, the source electrode 228 may have a U-shape and
the drain electrode 230 may be disposed within the U-shape
of the source electrode 228. Subsequently, the impurity-
doped amorphous silicon (n*a-Si:H) layer 224a correspond-
ing to the portions “W” of the data line 233 and the source
and drain electrodes 228 and 230, and the impurity-doped
amorphous silicon (n*a-Si:H) layer 224a corresponding to
the spaced region “E” may be removed using dry etching.
Consequently, the vertical portions 2085 of the common
electrode may extend to a lower side of the data line 233
adjacent to the vertical portions 208b of the common elec-
trode so that the vertical portion 208b of the common
electrode adjacent to the data line 233 overlap with a portion
of the data line 233. Thus, since there is no spaced region
between the data line 233 and the vertical portion 208b
adjacent to the data line 233, the light leakage does not occur
in the area between the data line 233 and the vertical portion
208b of the common electrode.

FIGS. 11F and 12F are cross-sectional views illustrating
laminated structures of the array substrate after an exem-
plary third mask process according to the present invention.
In FIGS. 11F and 12F, a passivation layer 234 may be
formed by depositing transparent organic insulating
materials, such as benzocyclobutene (BCB) and acrylic
resin, onto an entire surface of the substrate 200 upon which
the source electrode 228, the drain electrode 230, and the
data line 233 are already formed. Subsequently, the passi-
vation layer 234 may be patterned to form a drain contact
hole 236 that exposes a portion of the drain electrode 230.

FIGS. 11G and 12G are cross-sectional views illustrating
laminated structures of the array substrate after an exem-
plary fourth mask process according to the present inven-
tion. In FIGS. 11G and 12G, a pixel electrode 238 may
include a first horizontal portion 2384, a plurality of vertical
portions 238b, and a second horizontal portion 238¢ formed
by depositing transparent conductive metal materials, such
as indium tin oxide (ITO) and indium zinc oxide (IZO), onto
an entire surface of the substrate 200 upon which the
passivation layer 234 may already be formed, and then
pattering it. The first horizontal portion 238a may be con-
nected to the drain electrode 230 and may extend to the pixel
region “P” (in FIG. 9). The plurality of vertical portions
238b of the pixel electrode 238 may vertically extend from
the first horizontal portion 2384 of the pixel electrode 238,
and the second horizontal portion 238c¢ of the pixel electrode
238 may be disposed over the storage line 206 and inter-
connect each of the plurality of vertical portions 238b. The
second horizontal portion 238¢ and a portion of the storage
line 206 may be combined to form a storage capacitor Cg,
that uses the storage line as a first storage electrode and the
second horizontal portion 238¢ as a second storage elec-
trode.

FIG. 13 is a plan view of an exemplary pixel of an array
substrate for an in-plane switching (IPS) mode liquid crystal
display (LCD) device according to the present invention. In
FIG. 13, a gate line 302 may be formed along a first direction
on a substrate 300, a storage line 304 may be formed along
the first direction on the substrate 300, and a data line 306
may formed along a second direction on the substrate 300,
wherein the data line 306 may cross the gate line 302 and the
storage line 306. A thin film transistor “T” having a gate
electrode 308, a semiconductor layer 314, a source electrode
310, and a drain electrode 312 may be formed at a cross
point of the gate line 302 and the data line 306. The gate
electrode 308 may be connected to the gate line 302, and the
source electrode 310 maybe connected to the data line 306.
The drain electrode 312 may be spaced apart from the source
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electrode 310, and the semiconductor layer 314 may dis-
posed between the gate electrode 308 and the source and
drain electrodes 310 and 312. A common electrode 320 and
a pixel electrode 322 may be formed within a pixel region
defined by the cross point of the gate line 302 and the data
line 306. The common electrode 320 may extend from the
storage line 304, and the pixel electrode 322 may contact the
drain electrode 312 through the drain contact hole 318. The
common electrode 320 may include a plurality of vertical
portions that extend from the storage line 304 and are
arranged in a zigzag pattern. The pixel electrode 322 may
include a first horizontal portion 3224, a plurality of vertical
portions 322b, and a second horizontal portion 322¢. The
first horizontal portion 3224 of the pixel electrode 322 may
be connected to the drain electrode 312 and may extend to
the pixel region “P.” The vertical portions 3225 of the pixel
electrode 322 may vertically extend from the first horizontal
portion 322¢ and may be arranged in zigzag patterns. In
addition, the plurality of vertical portions 3225 of the pixel
electrode 322 may be arranged in an alternating pattern with
the vertical portions of the common electrode 320. A semi-
conductor line 316 that extends from the semiconductor
layer 314 may be formed under the data line 306.
Accordingly, since the semiconductor line 316 may be
formed by the half-tone mask process according to the
present invention, it may also freely extend on the array
substrate having a pattern similar to the zigzag patterns of
the common electrode 320 and the pixel electrode 322. Thus,
since semiconductor line 316 under the data line 306 extends
to a lower side of the common electrode that is adjacent to
the data line 306, the extended semiconductor line 316 can
block spaced regions between the data line 306 and the
common electrode 320 adjacent to the data line 306 so that
the light irradiated from a light source under the substrate
300 may not leak into the spaced regions between the data
line 306 and the common electrode 320.

In addition, the in-plane switching (IPS) mode liquid
crystal display (LCD) device having zigzag-shaped common
and pixel electrodes may obtain a multi-domain structure,
wherein molecules of liquid crystal material are not arranged
along a common direction but are arranged in many different
directions. Accordingly, an in-plane switching (IPS) mode
liquid crystal display (LCD) device having a symmetric
multi-domain structure may minimize a color shift phenom-
enon by offsetting birefringence that depends on the align-
ment direction of the liquid crystal. In addition, an area that
is free of a gray-level inversion may be enlarged.

The present invention provides the in-plane switching
(IPS) mode liquid crystal display (LCD) device in which the
spaced region between the data line and the electrode
adjacent to the data line is shielded by the extended semi-
conductor line or the extended electrodes adjacent to the
data line so that the light leakage are avoided in the spaced
region. Accordingly, since the light leakage does not happen
within the spaced regions between the data line and the
neighboring electrode, an image display quality of the liquid
crystal display (LCD) device can be improved. In addition,
since the present invention adopts a four-mask process for
manufacturing the array substrate of the in-plane switching
(IPS) mode liquid crystal display (LCD) device instead of a
five-mask process, production time and materials may be
reduced. Thus, manufacturing yield can be increased.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the array
substrate for IPS mode liquid crystal display device and
method for fabricating the same of the present invention
without departing from the spirit or scope of the invention.
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Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. An array substrate for an in-plane switching (ISP) mode
liquid crystal display (L.CD) device, comprising:

a gate line formed along a first direction on a substrate;

a storage line formed along the first direction on the
substrate and spaced apart from the gate line;

a data line formed along a second direction on the
substrate, the data line defining a pixel region by
crossing the gate line;

a thin film transistor at a crossing of the gate line and the
data line, the thin film transistor having a gate
electrode, a semiconductor layer, a source electrode,
and a drain electrode;

a pixel electrode connected to the drain electrode;

a common electrode having a plurality of vertical portions
connected to the storage line, the common electrode
having outermost vertical portions adjacent and parallel
to the data line and spaced apart from the pixel elec-
trode; and

a semiconductor line beneath the data line and extending
from the semiconductor layer to both sides of the data
line to cover portions of the common electrodes adja-
cent to the data line.

2. The array substrate according to claim 1, wherein the
semiconductor layer and the semiconductor line include an
amorphous silicon layer and an impurity-doped amorphous
silicon layer.

3. The array substrate according to claim 2, wherein the
amorphous silicon layer extends to both sides of the data line
to cover portions of the common electrode adjacent to the
data line.

4. The array substrate according to claim 1, wherein the
common electrode of the pixel region is electrically con-
nected to another common electrode of an adjacent pixel
region.

5. The array substrate according to claim 1, wherein the
pixel electrode includes a first horizontal portion that
extends from the drain electrode, a plurality of vertical
portions that vertically extend from the first horizontal
portion to the pixel region and are arranged in an alternating
pattern with the vertical portions of the common electrode,
and a second horizontal portion that interconnects each of
the plurality of vertical portions.

6. The array substrate according to claim 5, wherein the
second horizontal portion of the pixel electrode and a
portion of the storage line form a storage capacitor.

7. The array substrate according to claim 5, wherein the
vertical portion of the common electrode and the vertical
portion of the pixel electrode have zigzag-shaped patterns.

8. The array substrate according to claim 1, wherein the
vertical portions of the common electrode vertically extend
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from the storage line to the pixel region and are arranged in
an alternating pattern with the vertical portions of the pixel
electrode.

9. An array substrate for an in-plane switching (IPS) mode
liquid crystal display (LCD) device, comprising:

a gate line formed along a first direction on a substrate;

a storage line formed along the first direction on the
substrate and spaced apart from the gate line;

a data line formed along a second direction on the
substrate, the data line defining a pixel region by
crossing the gate line;

a thin film transistor at a crossing of the gate line and the
data line, the thin film transistor having a gate
electrode, a semiconductor layer, a source electrode,
and a drain ¢lectrode;

a pixel electrode connected to the drain electrode;

a common electrode having a plurality of vertical portions
connected to the storage line, the common electrode
having outermost vertical portions adjacent and parallel
to the data line, the outermost vertical portions adjacent
to the data line extend to partially overlap with a
portion of the data line; and

a semiconductor line beneath the data line and extending
from the semiconductor layer to both sides of the data
line, wherein the semiconductor layer and the semi-
conductor line include an amorphous silicon layer and
an impurity-doped amorphous silicon layer, and the
amorphous silicon layer of the semiconductor line is
exposed at both sides of the data line.

10. The array substrate according to claim 9, wherein the
common electrode of the pixel region is connected to the
common electrode of an adjacent pixel region.

11. The array substrate according to claim 9, wherein the
pixel electrode includes a first horizontal portion that
extends from the drain electrode, a plurality of vertical
portions that vertically extend from the first horizontal
portion to the pixel region and are arranged in an alternating
pattern with the vertical portions of the common electrode,
and a second horizontal portion that interconnects each of
the plurality of vertical portions.

12. The array substrate according to claim 11, wherein the
second horizontal portion of the pixel electrode and a
portion of the storage line form a storage capacitor.

13. The array substrate according to claim 9, wherein the
vertical portions of the common electrode vertically extend
from the storage line to the pixel region and are arranged in
an alternating pattern with the vertical portions of the pixel
electrode.

14. The array substrate according to claim 9, wherein the
pixel electrode includes one of indium tin oxide (ITO) and
indium zinc oxide (IZO).
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